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ABSTRACT 
 
A retrospective chart review performed from December 2007 to 
September 2012 identified 3,223 patients that underwent LASIK treatment with 
the STAR S4 IR™ Excimer Laser.  In this group, 109 patients (3.4%) required a 
retreatment.  All charts were reviewed for pre-operative age, gender, initial 
manifest refraction spherical equivalent (MRSE), total astigmatism, and method 
of primary LASIK treatment (conventional versus wavefront-guided) to identify 
risk factors that may lead to retreatment.  A second chart review from December 
2007 to January 2013 identified 120 patients who had a retreatment.  A 
comparative analysis on the final post-operative visual acuity and MRSE was 
performed on this group to evaluate the efficacy of conventional versus 
wavefront-guided retreatment.  Increased incidence rates of retreatment post-
LASIK were associated with pre-operative age greater than 40 years (p < 0.001), 
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initial MRSE greater than -5.0 diopters (D) (p < 0.004), hyperopia (p <0.031), and 
astigmatism greater than -1 D (p < 0.001).  There was a 12.3% incidence rate of 
epithelial ingrowth post-retreatment, and a 1.7% development of clinically 
significant epithelial ingrowth, which necessitated flap lift and scrapping.  There 
was no statistically significant difference in visual acuity and MRSE post-
retreatment with either conventional or wavefront-guided retreatment for residual 
hyperopic or myopic refractions.  All secondary retreatments were in the 
wavefront-guided retreatment groups (myopic p = 0.16 and hyperopic p = 0.01).  
Ablation depth was significantly different between myopic conventional and 
wavefront-guided (p = 0.01) and hyperopic conventional and wavefront-guided (p 
= 0.04).  While no statistically significant difference was found between final 
outcome vision between conventional and wavefront-guided treatments, 
conventional treatment ablating less corneal stroma and resulting in fewer 
complications and additional retreatments provides a strong argument for 
retreatment with conventional over wavefront-guided.  
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INTRODUCTION 
 
Corneal Refractive Surgery - Background 
Since its experimental beginnings in 1930, corneal refractive surgery has 
evolved into a safe and predictable procedure to treat refractive error, 
distinguished by a high level of patient satisfaction.  Several technological 
advances – aberrometry, eye tracking, etc. – have furthered the accuracy and 
efficacy of corneal surgery1.  Initially, there existed two primary approaches to 
refractive surgery on the cornea: lamellar and incisional.  Jose Barraquer, M.D., 
pioneered lamellar surgery in the 1960’s by developing Keratomileusis.  His 
technique for treating myopia involved excising corneal stroma with a 
microkeratome and freezing the tissue, followed by reshaping it with a cryolathe 
and replacing the tissue in the patient’s cornea.  Automated Lamellar 
Keratoplasty (ALK) advanced this technique through first creating a lamellar flap 
in the cornea, then removing a disc of stromal tissue to reduce effective front 
surface curvature, followed by suturing the flap into place.  For treatment of 
hyperopia, ectasia was induced through deep lamellar cuts, resulting in 
steepening of the cornea2. 
The first reported incisional surgery, in which tissue was not removed from 
the cornea, was in the 19th century to alter the shape of the cornea2,3.  In 1894, 
traumatic peripheral corneal scars were discovered to flatten the cornea along 
the axis of the scar, allowing for some correction of astigmatic corneas.  In 1939, 
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Dr. Sato implemented posterior corneal incisions in treatment of myopia and 
astigmatism.  However, treated eyes soon underwent corneal decompensation 
and this technique was only used for a short period.  
Dr. Yanaliev of Russia performed 426 incisional surgeries between 1969 
and 1977, concluding that peripheral anterior corneal incisions could correct 
myopia up to four diopters (D).  This procedure, which became known as radial 
keratotomy (RK), implemented corneal incisions around a pre-determined optical 
zone.  Through altering the size of the optical zone and number of radial cuts, a 
spectrum of corrections could be treated3.  Although representing large steps in 
corneal surgery, these procedures were largely invasive and lacked predictive 
control over the refractive outcome2.  These limitations were illustrated by a 10-
year prospective evaluation of RK indicating that only 53% of treated eyes 
attained uncorrected visual acuity of 20/20 or better and 43% experienced a 
hyperopic shift of 1.00 D or more4.  The application of the excimer laser to 
refractive surgery in the 1980s made possible the more advanced procedures 
patients experience today5. 
The name “excimer” is derived from “excited dimer.”  This class of lasers 
functions through continuous excitation and decay of dimers, releasing energy in 
the form of photons.  The most commonly used excimer laser in corneal 
refractive surgery is the argon fluoride, whose transitions generate light pulses at 
193 nm6.  In 1983, Dr. Stephen Trokel first suggested the use of the 193nm laser 
to more accurately modify the curvature of the cornea2,7.  The ultraviolet energy 
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released by the laser broke the foundational carbon-carbon bonds present in the 
corneal stroma, vaporizing the tissue.  Myopia could be treated through removing 
more stroma centrally, reducing the overall curvature of the cornea and its 
refractive power.  The first excimer lasers were approved by the US Food and 
Drug Administration (FDA) for correcting myopia in 1996, astigmatism in 1997, 
and hyperopia in 1998.  Over the past two decades, increasing numbers of 
patient have sought permanent alternatives to glasses and contact lenses.  In the 
United States alone, an estimated 1.4 million surgeries were performed in 2007.  
Additionally, it is projected that 110 million Americans could or currently 
experience normal visual acuity with proper refractive correction, representing a 
large pool of potential patients for these treatments2.  
 
The Optical System of the Eye and Refractive Error 
The remarkable ability of the human eye to relay information from our 
environment relies on a complex and intricate optical and anatomical system7.  
Light first enters through the transparent cornea, which maintains a constant 
refractive power, i.e., the ability to bend light.  Light then traverses through the 
pupil and subsequent lens, a biconvex, transparent, and avascular structure8.  
The lens has a unique role in optics through its ability to dynamically alter its 
refractive power and thus the resultant focal point of the eye.  This ability of the 
eye to modulate its refractive power through reshaping of the lens is referred to 
as accommodation7.  Over time, the accommodative ability becomes increasingly 
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limited due to age-related changes in the eye, such as decreased elasticity of the 
lens and degeneration of fibers and muscles interacting with the lens9.  
Additionally, opacity of the lens, or cataract, may result from several different 
causes.  Senile cataract is the most common type and occurs often bilaterally.  
Traumatic cataract, congenital cataract, and cataracts secondary to systemic 
diseases are less common8.   
The retina is an essential component of the system whose primary role is 
photoreception.  Rods and cones, the elements receiving incident light on the 
retina, transform incoming energy into nerve impulses destined for the visual 
cortex of the brain via the optic nerve8,7.  The entire optical system of the eye 
aims to focus incoming light rays to the center of the retina, called the fovea, 
forming a clear and sharp image.  Refractive error refers to an error in which light 
incident upon the eye is incorrectly focused.  The light is focused somewhere 
other than the fovea and visual acuity is subsequently reduced.  There exist four 
main refractive errors: myopia and hyperopia, the spherical errors, and 
astigmatism and presbyopia, the cylindrical errors. 
In emmetropic eyes, where there exists no refractive error, incoming light 
is correctly focused by the cornea and lens to produce an image on an area in 
the center of the retina called the fovea.  However, it is common for the eye to 
imperfectly bend incident light, resulting in a focal point either in front of the fovea 
or behind the fovea7.  The total refractive power of the eye is directly a function of 
its axial length and the refractive power of the cornea and lens.  Deviance in 
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Figure 1: Refractive Status of the Eye.  Comparison of the convergence of 
light under different refractive statuses.  Ideal post-surgery status to correct 
refractive error.  Figure adapted from Kugler, 20107. 
these values alters the refractive power of the eye, and incident light will no 
longer be focused perfectly onto the retina10.  As shown in Figure 1, myopia is 
the refractive condition in which the focal point of the eye is in front of the retina.  
It manifests as decreased visual acuity at distance, hence “nearsightedness”11.  
Studies have implicated several factors in the progression and incidence of 
myopia, including education, intensive near work, and familial tendency12,13.  
Myopia has been extensively studied due to its high prevalence, its progressive 
nature in children, and the negative effects of even moderate amounts of 
uncorrected myopia on visual acuity.  Additionally, high myopia may result in 
significantly increased risk of ocular disease14.  Proper visual acuity can be 
Refractive 
Status 
Emmetropia 
(no error) 
Myopia 
(nearsighted) 
Hyperopia 
(farsighted) 
Pre-Surgery Post-Surgery 
Cornea 
Lens 
Fovea 
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restored to myopic eyes by implementation of the proper spectacle, contact lens, 
or corneal refractive procedure in which the overall refractive power of the eye as 
been decreased11.   
Conversely, in a hyperopic eye such as in Figure 1, the image is produced 
behind the retina, causing a defocused image.  Possible causes include the 
eyeball being too small or the focusing power being weak.  Hyperopia, or 
farsightedness, is often present at birth, but children have efficient 
accommodative ability and the effect may be mitigated.  Presbyopia refers to the 
condition where the eye has lost its ability to accommodate, which happens as a 
normal aging process15.  In the prepresbyoptic age group, low to moderate 
hyperopes may consider their vision normal.  As they age and their high degree 
of hyperopia exceeds their accommodative reserve, optical correction or 
refractive surgery in which the cornea curvature is steepened may be required for 
clear vision.   
Astigmatism is caused by abnormal curves and deviations in the non-
spherical shape of the cornea.  It often occurs in conjunction with one of the two 
spherical errors – either myopia or hyperopia16.  Presbyopia results from the 
gradual decrease in accommodation expected with age and can have multiple 
effects on visual acuity and quality of life.  As the discrepancy in accommodative 
ability increases, the range of accurate vision for the patient may become 
inadequate for commonly performed tasks17.  Similar to other refractive errors, 
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astigmatism and presbyopia may be corrected through spectacles, contact lens, 
or corneal refractive surgery.   
 
Predominant Excimer Laser Corrective Techniques 
 Contact lenses and traditional spectacles are the most commonly used 
methods for correcting refractive error in the eye and restoring the proper 
convergence of incident light upon the retina.  These two methods provide 
relatively safe, non-invasive, and reversible correction to the eye.  As an 
alternative, several laser refractive surgical procedures have developed and are 
used to alter the shape of the cornea to more permanently correct refractive 
error.  Since the implementation of the excimer laser, improvements and 
advances in ophthalmological instruments have greatly improved the safety, 
efficacy, and predictability of surgical outcomes10.  Despite these developments, 
certain limitations and complications - infection, ectasia, diffuse lamellar keratitis, 
subepithelial haze, dry eye, epithelial ingrowth, etc. - still exist10,18. 
 Excimer laser refractive surgery may be divided into two main procedural 
groups: surface treatments and flap treatments.  During procedures 
implementing a surface treatment, the corneal epithelial surface is removed by 
physical scraping or peeling.  Surface ablation and reshaping of the underlying 
stroma by excimer laser then follows.  In photorefractive keratectomy (PRK), the 
epithelial surface is left to heal naturally with the aid of a contact lens.  
Alternatively, in laser epithelial keratomileusis (LASEK), the removed surface is 
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Figure 2: Laser Ablation Following Flap Lift.  Illustrating the process by 
which the excimer laser ablates corneal stromal tissue after the flap has been 
created and peeled back.  Figure taken from Marcos. 20101. 
replaced and acts as a bandage for underlying regenerative tissue19.  Suggested 
advantages of LASEK include less early postoperative discomfort, faster visual 
recovery, and less haze when compared to PRK for treatments of similar 
refractive error20. 
Flap treatments, such as laser in situ keratomileusis (LASIK), differ from 
surface treatments in that a microkeratome or femtosecond laser is utilized to cut 
a thin flap on the surface of the cornea.  This flap is then peeled back and, similar 
to surface treatments, the excimer laser ablates within the body of the corneal 
stroma.  This process of ablating the stroma after the flap has been moved is 
shown in Figure 2.  The flap is then replaced at the end of the procedure19.  
LASIK is currently the most common type of refractive surgery.  Its main 
advantage over surface treatments (e.g. PRK and LASEK) is related to 
maintaining the central corneal epithelium.  This decreases discomfort early 
during the post-operative period, allows for rapid visual recovery, and reduces  
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Table 1. Comparisons of Predominant Ablation Techniques.   Various 
characteristics and postoperative considerations between LASIK, LASEK, and 
PRK.  Table adapted from Taneri et al., 200522. 
the healing response of the tissue.  A milder healing response is associated with 
less regression among high corrections and a decreased rate of corneal 
complications20.  Using an excimer laser to directly reshape the curvature of the 
cornea requires removal of the corneal epithelium, as well as underlying tissue - 
Bowman's layer and stroma.  Such invasive modification inevitably provokes a 
wound-healing response, creating some degree of unpredictability in the 
precision of the final outcome21.  Table 1 displays the most important and 
relevant differences between the most predominant ablation techniques.  LASIK 
offers several significant advantages when compared against other procedures.  
While capable of treating an approximately equal range of correction, LASIK is 
associated with decreased duration of postoperative pain, decreased length of 
postoperative medications, increased rate of visual recovery, and decreased time 
to reach refractive stability. 
 
 
 
 
 
 
 
 
Factor PRK LASEK LASIK 
Range of correction 
Low to moderately 
high 
Low to moderately 
high 
Low to moderately high 
Postoperative pain Moderate 24-48 hrs 
Mild to moderate 
24-48 hrs in ~50% 
Minimal 12 hrs 
Postoperative 
medications 
3 weeks to several 
months 
3 weeks to several 
months 
1-2 weeks 
Functional vision 
recovery 
3-7 days 3-7 days <24 hrs 
Refractive stability 
achieved 
3 weeks to several 
months 
3 weeks to several 
months 
1-6 weeks 
Specific 
complications 
Haze formation, 
scarring 
Haze formation, 
scarring 
Flap wrinkles, epithelial 
ingrowth, flap melt, 
interface debris, corneal 
ectasia, diffuse lamellar 
keratitits 
Risk of scarring 1-2% 
Possibly less than 
PRK 
<1% 
 
 10 
Conventional and Wavefront-Guided Treatments 
 Conventional LASIK, also called standard LASIK, was the first method in 
its class to receive FDA approval and remains a common procedure today.  
Conventional LASIK involves applying simple spherocylindrical correction 
through ablation of corneal tissue.  Variables such as gender and age are 
considered, and the specific profile for ablation is determined using Munnerlyn’s 
equation.  The treated parameters, sphere, cylinder, and axis, describe what is 
now called lower-order abberations.  However, other types of optical abberations 
exist in the visual system of the eye that play a role in blur and other visual 
symptoms.  These other aberrations are now collectively termed higher-order 
aberrations (HOAs)23. 
In 1961, Dr. Smirnov measured the HOAs of the human eye for the first 
time24.  A modified technique developed, and in 1994, the wavefront abberations 
of the human eye were measured objectively using a Hartmann-Shack sensor.  
Successfully correcting the HOAs brought a great deal of attention to providing 
supernormal vision and high-resolution retinal imaging.  The advent of wavefront 
aberrations drove the development of wavefront-guided refractive surgery, as 
well as a paradigm shift in defining irregular astigmatism and the perceptions of 
refractive error correction25.  According to 2003 statistics, approximately 55% of 
North American refractive surgeons utilize wavefront analyzers in their practice 
and routinely perform wavefront-guided ablations26.   
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 Aberrometry utilizes wavefront sensing, a method which comprehensively 
measures the complete refractive status of an optical system, including irregular 
astigmatism.  In physical optics, light originating from infinity is expressed as 
advancing as a plane wavefront.  Wavefront aberrations are differences between 
the wavefront that originates from the measured optical system and the reference 
wavefront from an ideal optic system.  Through measuring the shape of the 
wavefront as wavefront aberrations, wavefront analyses allows for evaluation of 
the optical quality of the eye25.   
 One of the primary roles of aberrometry in clinical practice is to provide 
accurate and unique aberration profiles of eyes to the excimer laser for 
customized ablation.  Customized ablation capable of correcting irregular 
astigmatism or reducing surgically induced irregular astigmatism may solve 
problems created by conventional keratorefractive procedures.  Wavefront-
guided refractive surgery uses an excimer or other laser to correct not only 
spherical and cylindrical refractive errors, but also the HOAs identified through 
wavefront aberrometry25.   
 
Complications and Retreatment 
 Although laser refractive surgery has experienced substantial 
improvements in technique, safety, and efficacy, the incidence, associative risk 
factors, and techniques for retreatment are not completely understood.  Like any 
other ophthalmic surgical procedure, there exists inherent risk in development of 
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visually threatening complications post-LASIK.  Not only does the procedure rely 
on the synchronization of several complex medical devices, there is also 
unavoidable variation in visual outcomes due to differences in patient tissue 
response to surgical intervention.  As a result, many potential complications have 
been identified in association with LASIK treatment.  Despite efforts to mitigate 
these issues, such as appropriate patient selection and preoperative, surgical, 
and post-operative care, a certain level of complications is expected to remain27. 
 Corneal haze, defined as a loss of corneal transparency, is a possible 
post-operative complication particular to surface ablation techniques, e.g. 
LASEK, PRK.  The risk for developing haze is significantly increased in patients 
undergoing a higher diopter or smaller diameter treatment.  Corneal haze often 
peaks between 2 to 4 months and results in reduced best corrected visual acuity 
and increased glare when observing bright light sources under low ambient 
illumination28.  Microscopy has shown that myopic regression due to corneal 
haze is primarily a result of keratocyte-mediated regrowth of the ablated stroma.  
Mitomycin-C (MMC) has become a promising option for treatment and prevention 
of haze following surface ablation.  MMC selectively inhibits rapidly proliferating 
cells through binding and crosslinking the deoxyribonucleic acid (DNA) in nulei.  
This limits the reproduction of activated kerataocytes and induces keratocyte 
apoptosis in the anterior stroma.  These actions of MMC account for its ability to 
prevent or treat corneal haze29. 
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Two significant LASIK complications are epithelial ingrowth and flap 
melting.  Epithelial ingrowth is the process by which aberrant epithelial cells 
infiltrate the flap interface.  This may occur by migration of cells from the flap 
edge post-operatively or by direct implantation of cells during the LASIK 
procedure.  Risk factors associated with developing epithelial ingrowth include 
poor flap adhesion because of an epithelial defect, epithelial basement 
membrane dystrophy, diffuse lamellar keratitis post-operatively, and thin flaps 
and diabetes mellitus.  Preventive measures include proper realignment of flap 
edges immediately following surgery, irrigation and wiping of the stromal surface, 
aspiration of irrigation fluid, and use of a bandage contact lens for the first day 
post-operatively27.   
Flap melting often occurs as a result of epithelial ingrowth.  While isolated 
islands of epithelial cells typically disappear with no severe consequences, 
ingrowth contiguous with the flap edge is significantly more concerning.  
Epithelial cells at the flap interface may block aqueous diffusion, thus 
compromising the nutrition of the flap.  Furthermore, the production of proteolytic 
enzymes may be increased among the migrating epithelial cells, resulting in 
more severe flap melting30.   
Retreatments, or enhancements, have proven to be largely safe and 
successful in treating residual visual complaints in myopic, hyperopic, and 
astigmatic patients, as well as following photorefractive keratectomy.  Several 
factors, including individual patient expectations, final refractive outcomes, and 
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surgeon preference can result in patients pursuing a retreatment procedure.  
LASIK retreatment rates of between 5% and 28% have been reported31.   
  
Specific Aims 
 Retreatment of residual refractive errors after LASIK surgery is considered 
a safe and routine procedure with the use of conventional treatment 
technology32,33.  While the current literature suggests that wavefront-guided 
technology is both safe and effective for the retreatment of both residual myopic 
and hyperopic refractive errors, it is not clear if in fact it is more effective than the 
current standard which is conventional treatment32-39.  Due to the lack of 
sufficient comparative data, it remains unclear whether either treatment is 
superior. 
Primary LASIK utilizing wavefront-guided technology has been shown to 
induce less and often improve the amount of HOAs produced when compared to 
conventional treatment procedures32,33.  Therefore, it has been reasoned that 
wavefront-guided retreatment may be superior over conventional retreatment 
secondary to the smaller increase in HOAs that is accompanied with this 
technology40.  However, certain limitations to applying wavefront technology for 
the purpose of retreatment post-LASIK have been identified41.  Inaccuracies in 
the preoperative assessment of both manifest and cycloplegic refraction, as well 
as overestimation of cyclinder have been demonstrated41,32.  The increased rates 
of overcorrection that have been observed for myopic retreatment imply that the 
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wavefront algorithm may differ in post-LASIK eyes and need to be altered41.  
This study aims to add to the small but growing body of literature to 
establish a clearer consensus as to which is the preferred method for retreatment 
post-LASIK.  Other objectives include identifying risk factors in our study 
population which may have led to higher rates of retreatment. 
The primary outcome of the study was to compare the efficacy of 
wavefront-guided versus conventional technology for retreatment of residual 
refractive errors post-LASIK.  The parameters used to assess this were post-
operative refraction spherical equivalent (SE) measured in diopters and visual 
acuity measured in logarithm of the minimal angle of resolution (LogMAR).  
Additionally, best corrected visual acuity in LogMAR was also collected both pre-
operatively and at the final follow-up visit.  Ablation depth during the retreatment 
procedure was also recorded.  As an indicator of residual refractive error post-
retreatment, manifest refraction information was recorded for the final follow-up 
visit as well.  All data for this analysis was compiled from the last post-operative 
visit within 1 year of retreatment.  Cases of secondary retreatment, epithelial 
ingrowth, and flap melt were recorded to establish post-retreatment incidence 
rates.  Epithelial ingrowth was deemed clinically significant if it required flap lift 
and scrapping or if it resulted in permanent loss of vision.  
Secondary outcome measures of the study were aimed at addressing 
potential risk factors that may lead to a higher incidence of retreatment rates after 
primary-LASIK.  Factors that were studied included, age (years), gender, initial 
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pre-operative manifest refraction spherical equivalent measured in diopters, total 
astigmatism, and method of primary LASIK treatment (conventional versus 
wavefront-guided).    
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MATERIALS AND METHODS 
 
 
To identify risk factors associated with retreatment, a retrospective chart 
review was performed from December 2007 to September 2012.  Through report 
generation in NEXTGEN EMR system (Horsham, PA), patients who had received 
LASIK surgery at the Boston Eye Group, a private ophthalmic clinic and 
refractive surgery subspecialty practice in Brookline, Massaschusetts, were 
identified and baseline preoperative data were collected.  A total of 3,223 valid 
LASIK procedures were performed during the study period. 
All patients were 18 years of age or older at the time of initial surgery.  
Pre-operative data included patient age, gender, initial manifest refraction 
(hyperopic versus myopic), total astigmatism, and method of treatment 
(conventional versus wavefront-guided).  Post-operative data included need for 
retreatment and time till retreatment after the primary LASIK procedure.  Patients 
were excluded from this study if the retreatment occurred for a reason other than 
refractive error.  This included patients aimed for monovision as well as initial 
procedures other than LASIK, such as cataract surgery.  Additionally, patients 
with incomplete data or a follow-up period of less than 6 months post-operatively 
were also excluded. 
A second retrospective chart review of all medical records from the Boston 
Eye Group from December 2007 to January 2013 was performed to identify all 
patients with a history of retreatment after primary LASIK surgery.  A total of 120 
patients were identified to be included in the comparative retreatment analysis.  
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Patient data collected prior to retreatment included, age, gender, retreatment 
refraction, visual acuity, and secondary treatment (conventional or wavefront).  
Visual acuity was assessed at each patient visit using a standard Snellen acuity 
chart.  Assessment was made at each post-operative visit for epithelial ingrowth 
and flap melt.  Post-retreatment follow-up was at 6 weeks, 3-6 months, and at 6-
12 months, with a maximum follow-up time of 12 months.  Patients with 
incomplete data or a follow-up period of less than 6 weeks were excluded from 
the study.  For this comparative group of patients, the best corrected visual acuity 
was recorded preoperatively, as well as for their final visit within the follow-up 
time.  At this last follow-up visit, manifest refractory information was also 
recorded as an indicator of residual refractive error post-retreatment. 
All procedures that were included in this study during the above time 
periods were performed by a single surgeon with identical techniques in all 
cases.  For all primary treatments, the Intralase™ FS Laser (Abbott Medical 
Optics Inc.) femtosecond laser was used to create the corneal flap.  For all 
primary and retreatments, the STAR S4 IR™ Excimer Laser System (Abbott 
Medical Optics Inc.) was used for laser ablation.  For all wavefront-guided 
treatments, the Advanced CustomVue treatments were gathered and calculated 
with the WaveScan Wavefront System (Abbott Medical Optics Inc).   
All relevant pre-operative and post-operative data were collected and 
inputted into an Excel spreadsheet for subsequent analysis (Mirosoft, Inc., 
Seattle, WA).  Where applicable, data are reported as mean ± standard 
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deviation.  The relationship between retreatment incidence and individual factors 
(age, MRSE, astigmatism) was analyzed for significance using a chi-square test.  
Upon determining statistical significance using the chi-square test, Student’s t 
test was used to determine statistically significant differences between specific 
groups.  In comparing conventional and wavefront-guided retreatment in both 
myopic and hyperopic patients, Student’s t test was used to determine significant 
differences between gender, age, treatment spherical equivalent, time between 
primary and retreatment surgeries, follow-up time, uncorrected and best 
corrected visual acuity pre- and post-retreatment, residual refractive error, and 
ablation depth.  P values less than 0.05 were considered to be statistically 
significant. 
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 RESULTS 
 
Patient Demographics, Prevalence and Retreatment Rates 
 Of the 3,223 eyes initially treated, 109 patients were retreated, a 
prevalence of 3.4%.   A listing of patient demographics and initial manifest 
refraction are located in Table 2.  During the primary LASIK surgery, 565 (17.5%) 
Characteristics All Myopia Hyperopia 
# Eyes (patients) 109 (96) 94 (83) 15 (14) 
     Bilateral, n 26 22 2 
     Unilateral, n 83 72 13 
Gender 
   
     Female, n (%) 52 (47.7) 44 (46.8) 8 (53.3) 
     Male, n (%) 57 (52.3) 50 (53.2) 7 (46.7) 
Age, Yr 
   
     Mean ± SD 42.3 ± 10.9 40.9 ± 10.3 51.5 ± 9.9 
     Range 23 - 80 23 - 67 34 - 69 
Primary MRSE (D) 
   
     Mean ± SD 
 
-3.9 ±  2.1 2.1 ± 1.1 
     Range 
 
-0.1 - -8.1 0.4 - 3.7 
Astigmatism  (D) 
   
     Mean ± SD 1.2 ± 1.2 1.3 ± 1.2 1.1 ± 1.4 
     Range 0 - 5.35 0 - 5.35 0 - 5.15 
Conventional, n 23 9 14 
Wavefront-Guided, n 86 85 1 
Table 2: Patient Demographics for Initial Laser Vision Correction 
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were treated conventionally, and 2,658 (82.5%) received wavefront-guided  
treatment.  As shown in Table 3, there was no statistically significant difference 
found between the incidence rate of retreatment in either the myopic or hyperopic 
treatment group in regard to their initial method of treatment (conventional versus 
wavefront).  There were a total of 1,866 males and 1,357 females included in the 
study.  There was no significant difference in the incidence rate of retreatment  
 
Primary Treatment All Eyes Conventional Wavefront-Guided P  Value 
Myopia 2,958 350 2608  
Retreatment 94 9 85 p < 0.49 
Hyperopia 365 215 50  
Retreatment 15 14 1 p < 0.21 
Table 3. Primary LASIK Treatment & Retreatment Values 
 
Figure 3: Retreated Eyes By Age.  Percentages of retreated eyes stratified 
by patient age at the time of primary surgery.  Total retreated eyes: n = 109. 
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based on gender (p < 0.228).  The mean patient age at the time of initial 
treatment was 36.2 years; the retreatment group was 42.3 years.  Figure 3 
provides a breakdown of retreated patients per age group.  Figure 4 provides the 
percentages of total eyes requiring retreatment stratified by age groups.  A total 
of 2,213 patients were younger than 40 years and 1,010 patients were 41 years 
or older.  Incidence rate of retreatment was 2.3% and 5.8% in the under and over 
40 age group, respectively.  Age greater than 40 years was a significant risk 
factor for requiring retreatment (p < 0.001).  There was a statistically significant 
lower incidence rate of retreatment in the 18-30 age group when compared to all 
other groups (p < 0.002). 
 
Figure 4: Percent Total Retreated By Age.  Percentage of eyes out of total 
studied that were retreated based on patient age at time of primary surgery. 
Total patients retreated per age group: n= 17/1218 (18-30), n=33/995 (31-40), 
n=32/646 (41-50), n=20/313 (51-60), and n=7/51 (>60). 
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Initial Refraction and Retreatment Rate 
When comparing initial manifest refraction spherical equivalent (MRSE) 
treated, there was a significant difference in the incidence rate of retreatment 
between the myopic (3.2%) and hyperopic group (5.6%, p <0.031).  Additionally, 
there was a significant increase in the incidence rate of retreatment amongst high 
myopia (> -5.0 D) when compared to myopic patients with an initial MRSE of < -
5.0 D (p < 0.004).  The MRSEs of the retreated patients are shown in Figure 5.  
The percentage of total patients requiring retreatment per initial MRSE is shown 
in Figure 6.  Additionally, there exists a trend toward a higher retreatment rate 
with increasing initial astigmatism present (Figure 7).  Initial astigmatism >1D was 
considered a significant risk factor for retreatment (p < 0.001).  
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Figure 5: Retreated Eyes By MRSE.  Percentages of retreated eyes 
stratified by MRSE for primary surgery.  MRSE measured in diopters (D).  
Total retreated eyes: n = 109. 
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Figure 6: Percent Total Retreated By MSRE.  Percentage of eyes out of 
total studied that were retreated based on MRSE. Total patients retreated per 
group: n=16/391 (> -6), n=32/730 (-4.0D - -5.9), n=25/1111 (-2.0 – -3.9), 
n=21/726 (0 - -1.9), n=8/150 (0 – 1.9), n=7/115 (>2.0). 
 
Myopia Hyperopia 
MRSE (D) 
Figure 7: Percent Total Retreated By Age.  Percentage of eyes out of total 
studied that were retreated based on initial total astigmatism. Total patients 
retreated per group: n=36/1203 (0 – 0.5), n=22/1039 (0.51-1.0), n=18/484 
(1.01-1.5), n=12/231 (1.51-2.0), n=5/116 (2.01-2.5), n=5/70 (2.51-3), and 
11/80 (>3.01) 
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Retreatment Outcomes 
The mean time till retreatment was 9.02 ± 8.59, as shown in Figure 8.  
Eighty percent of retreatments occurred within 1 year of the primary LASIK 
surgery.  There were a total of 120 patients included in the comparative analysis 
for retreatment with conventional versus wavefront-guided.  They were separated 
into 2 groups based on MRSE, myopic (85 patients) and hyperopic (35 patients).  
Demographics and MRSE for each group are available in Tables 4 and 5.  There 
was no significant difference found in uncorrected visual acuity post-retreatment 
with conventional or wavefront-guided retreatment in both the hyperopic and 
myopic groups, shown in Tables 6 and 7.   
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Figure 8: Time After primary LASIK Procedure Before Retreatment.  
Percentages of total retreated eyes stratified by the duration between the 
primary and retreatment surgeries 
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TABLE 4.  Myopic LASIK Retreatment Demographics  
Characteristics Conventional Wavefront-Guided P Value 
No. eyes 33 52 
 
     Bilateral, n 2 10 
 
     Unilateral, n 31 42 
 
Gender 
   
     Female, n (%) 12 (36.4) 29 (55.8) p = 0.08 
     Male, n (%) 21 (63.6) 23 (44.2) 
 
Age, Yr 
   
     Mean ± SD 47.2 ± 10.1 41.2 ± 10.2 p = 0.008 
     Range 24 - 68 23 - 63 
 
Treatment SE (D) 
   
     Mean ± SD -1.1 ± 0.6 -0.9 ± 0.6 p = 0.15 
     Range -0.1 - -2.4 -0.03 - -3.0 
 
Months after initial 
   
     Mean ± SD 6.6 ± 4.7 8.5 ± 7.3 p = 0.16 
     Range 1.2 - 28.0 1.9 - 44.1 
 
Additional Retreatment, n (%) 0 3 (5.7) p = 0.16 
Followup (months) 
   
     Mean ± SD 7.0 ± 3.9 7.1 ± 3.7 p = 0.92 
     Range 1.3 - 14.9 1.4 - 14.1 
 
TABLE 5.  Hyperopic LASIK Retreatment Demographics 
Characteristics Conventional Wavefront-Guided P value 
No. eyes 26 9 
 
     Bilateral, n 12 2 
 
     Unilateral, n 15 7 
 
Gender 
   
     Female, n (%) 10 (38.5) 3 (33.3) p = 0.78 
     Male, n (%) 16 (61.5) 6 (66.7) 
 
Age, Yr 
   
     Mean ± SD 48.9 ± 9.7 40.8 ± 12.8 p = 0.09 
     Range 33 - 66 27 - 69 
 
Treatment SE (D) 
   
     Mean ± SD 1.0 ± 0.6 0.3 ± 0.2 p < 0.001 
     Range 0.08 - 2.8 0.03 - 0.7 
 
Months after initial 
   
     Mean ± SD 13.2 ± 13.3 8.8 ± 5.1 p = 0.16 
     Range 2.3 - 50.9 3.0 - 20.8 
 
Additional Retreatment, n (%) 0 2 (22.2) p = 0.01 
Followup (months) 
   
     Mean ± SD 5.8 ± 3.4 6.0 ± 3.3 p = 0.89 
     Range 1.4 - 12.6 2.0 - 10.2 
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TABLE 6. Visual Outcomes in Eyes with Myopic Lasik Retreatment 
  Conventional Wavefront-Guided P Value 
UCVA n = 33 n = 52 
 Pre-retreatment       
LogMAR 0.39 ± 0.25 0.30 ± 0.15 p = 0.09 
≥20/15 0 0 
 ≥20/20 0 2 (4) 
 ≥20/30 11 (33) 20 (38) 
 ≥20/40 18 (55) 33 (63) 
 <20/40 15 (45) 19 (37) 
      At final visit       
LogMAR 0.03 ± 0.06 0.02 ± 0.12 p = 0.91 
≥20/15 1 (3) 11 (21) 
 ≥20/20 24 (73) 37 (71) 
 ≥20/30 33 (100) 49 (94) 
 ≥20/40 33 (100) 51 (98) 
 <20/40 0 1 (2) 
 UCVA = uncorrected visual acuity; LogMAR = log of the minimal angle of resolution; MRSE = 
manifest refraction spherical equivalent; D = diopter 
 
TABLE 7. Visual Outcomes in Eyes With Hyperopic LASIK Retreatment 
 
Conventional Wavefront-Guided P Value 
UCVA n = 26 n = 9  
Pre-retreatment    
LogMAR 0.27 ± 0.16 0.12 ± 0.12 p = 0.005 
≥20/15 0 0  ≥20/20 2 (8) 2 (22)  ≥20/30 8 (31) 6 (67)  ≥20/40 19 (73) 8 (89)  
<20/40 7 (27) 1 (11)  
At last visit    
LogMAR 0.07 ± 0.13 0.09 ± 0.18 p = 0.78 
≥20/15 1 (4) 1 (11)  ≥20/20 15 (58) 3 (33)  ≥20/30 22 (85) 7 (78)  ≥20/40 25 (96) 8 (89)  
<20/40 1 (4) 1 (11)  
UCVA = uncorrected visual acuity; LogMAR = log of the minimal angle of resolution; MRSE = 
manifest refraction spherical equivalent; D = diopter 
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Post-Operative Visual Acuity and Ablation Depth 
 The visual acuity of patients, recorded as LogMAR values, over the course 
of post-operative follow-up time is shown in Figure 9 for myopic patients and 
Figure 10 for hyperopic patients.  It is important to note that note that not all 
patients returned for every scheduled post-operative visit.  The vision was 
recorded pre-operatively before retreatment, the day after retreatment surgery, 6 
weeks to 3 months, 3 to 6 months, and 6 months to 1 year after retreatment.  The 
mean LogMAR vision for pre-retreatment and 6 months to 1 year after 
retreatment for myopic conventional, myopic wavefront-guided, hyperopic 
conventional, and hyperopic wavefront-guided were 0.39 and 0.01, 0.30 and 
0.06, 0.26 and 0.11, and 0.12 and 0.07, respectively.  In both myopic and 
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Figure 9: Visual Acuity Recovered Post-Retreatment in Myopic Patients.  
The visual acuity expressed as LogMAR for myopic patients recorded pre-
operatively and 1 day, 6 weeks – 3 months, 3 months – 6 months, and 6 
months – 1 year after surgery.  Error bars indicate 1 standard deviation.  
LogMAR of 0 indicates 20/20 visual acuity. 
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hyperopic patients, there was not a statistically significant difference in visual 
acuity between conventional and wavefront-guided at any of the individual follow-
up visits.  Ablation depths for myopic conventional, myopic wavefront-guided, 
hyperopic conventional, and hyperopic wavefront-guided were 16.7 ± 10.1µm, 
22.8 ± 11.9 µm, 11.8 ± 7.1 µm, and 16.4 ± 5.3 µm, respectively.  Ablation depth 
was significantly different between myopic conventional and wavefront-guided (p 
= 0.01) and hyperopic conventional and wavefront-guided (p = 0.04). 
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Figure 10: Visual Acuity Recovered Post-Retreatment in Hyperopic 
Patients.  The visual acuity expressed as LogMAR for hyperopic patients 
recorded pre-operatively and 1 day, 6 weeks – 3 months, 3 months – 6 
months, and 6 months – 1 year after surgery.  Error bars indicate 1 standard 
deviation.  LogMAR of 0 indicates 20/20 visual acuity. 
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Epithelial Ingrowth, Flap Melt, and Secondary Retreatments 
15 post-retreatment patients out of 120 developed epithelial ingrowth 
(12.3%).  Out of those patients, 2 became clinically significant and required flap 
lifting and scrapping (1.7%).  No patients suffered visual loss secondary to this 
complication.  One patient out 120 had mild flap melt (0.08%) which resulted in 
visually insignificant scarring at the edge of the flap.  A total of 5 retreated 
patients (4.1%) underwent a secondary retreatment to improve visual acuity.  All 
secondary retreatments were found in the wavefront-guided groups.  There was 
a strong trend shown in the myopic wavefront-guided group (p = 0.16) and a 
significant difference in the hyperopic wavefront-guided group (p = 0.01) when 
compared with conventional retreatment.  One out of 5 patients that underwent a 
secondary retreatment developed clinically significant epithelial ingrowth, mild 
flap melt, and required a flap lifting and scrapping. 
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DISCUSSION 
Retreatments are often required to improve the visual acuity in patients 
with residual refractive error post-LASIK.  Previous data in the literature has 
shown that the mean time till retreatment is 7.3 month.  Therefore, patients in this 
study required a minimum of 6 months follow-up to be included in the risk factor 
analysis42.  The mean time from initial LASIK until retreatment was 9.02 months.  
Being able to identify patients at higher risk for retreatment and residual 
refractive error is important to help aid in the pre-operative discussion and to 
more accurately set patient expectations.  Currently, there have been numerous 
studies that have aimed at identifying risk factors for retreatment after primary 
LASIK.  Much of the data correlates pre-operative data, such as, gender, age, 
and initial manifest refraction with retreatment rates.   
Higher rates of retreatment have been linked with the initial treatment of 
high-grade myopia42-44, astigmatism >1D,42,43 and hyperopia43.  Furthermore, 
higher rates of residual myopia have been found in patients with high myopic 
eyes (>7D).   Reasons for such outcomes may be secondary to decreased 
predictability with nomograms used in conventional treatment and present 
limitations in the algorithms applied in wavefront-guided technology.  The results 
from this study confirmed previously reported data which showed increasing 
rates of retreatment in patients initially treated for high myopia, hyperopia, and 
astigmatism >1D.  In this study, it was shown that patients older than 40 years at 
the time of primary surgery had a significantly higher incidence of retreatment.  
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This finding correlates with previous work by Hersh et al., which also found 
patients older than 40 years to be at significant risk for retreatment42.  
In studies using conventional technology, incidence rates of retreatment 
have varied between 5.5-16%33.   Comparative data with wavefront-guided 
technology has shown a retreatment rate of 6.3%.  The calculated overall 
incidence rate of retreatment in this study was 3.4%.  When separated into 
conventional and wavefront-guided technology for primary LASIK treatment, 
there was not a statistically significant difference in the incidence of retreatment.  
Although many other benefits to wavefront-guided treatment have been 
established, this data does not conclusively show that it decreases the rate of 
retreatment. 
Current literature comparing the efficacy of conventional versus wavefront-
guided retreatment has only focused on the retreatment of myopic correction.   
There is conflicting data in regards to which treatment is more effective in post-
LASIK retreatment40,41.  This study offers a comparative analysis on the outcome 
of both hyperopic and myopic retreatment with conventional or wavefront-guided 
technology.   In both the myopic and hyperopic group there was no clinically 
significant difference in uncorrected visual acuity (UCVA) LogMAR post-
retreatment.  However, two primary limitations must be noted in analyzing the 
hyperopic group.  First, the relatively small sample size for the hyperopic group 
exerts significant influence over any statistical analysis, and it becomes less 
straightforward to derive definitive conclusions from the data.  Secondly, there 
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was a statistically significant difference between the pre-retreatment manifest 
refraction spherical equivalent between the conventional and wavefront-guided 
groups for the hyperopic group.  This must be considered in analyzing the final 
outcomes in visual acuity and there are limitations to comparing the two 
treatment types.  In the future, a larger pool of hyperopic post-LASIK patients 
may be gathered with a more similar pre-treatment refraction to more fully 
describe how different treatment types may affect visual outcomes. 
In this study there was a 12.3% incidence rate of epithelial ingrowth after 
retreatment, but only a 2.5% incidence rate of clinically significant epithelial 
ingrowth.  One study looking at incidence rates of epithelial ingrowth post-
retreatment had a 23.3% incidence rate of epithelial ingrowth, and a 6.7% 
incidence rate of clinically significant rate epithelial ingrowth.  In this study 4 
patients required a flap lift and scrape, and 2 required an additional flap lift and 
scrape39.  This compares with another studying which had an incidence rate of 
2.3% clinically significant epithelial ingrowth found in the literature, and a higher 
rate of clinically significant epithelial ingrowth.  This group also found an 
increasing incidence rate of clinically significant epithelial ingrowth that would 
require flap lift and scrapping in patients which had a retreatment 3 years or more 
from the time of their primary LASIK surgery.  This correlation was not found in 
this study.  All 3 patients which required a flap lift and scrape were retreated 
within 1 year of their original surgery.  Flap melt, a feared complication of 
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epithelial ingrowth, occurred in 2 of the retreatment patients which had epithelial 
ingrowth, but in neither case was it clinically significant. 
It is important to note some of the possible limitations of this study.  Pre-
treatment settings are often modified by refractive surgeons with surgeon and 
machine-specific nomograms.  While most refractive surgeons modify their 
nomograms over time and experience to improve surgical outcomes, these 
modications are a deviation from the exact manifest refraction of a patient.  
Therefore, direct comparison and application of ones findings may not always be 
translatable to each surgeons refractive experience and results.  While the 
operating surgeon at Boston Eye Group did use their own specific nomogram for 
conventional and wavefront-guided treatment based on age and refraction, the 
parameters were unchanged during the study period.  In regard to follow-up time 
in this study, post primary LASIK retreatment required a minimum of 6 months 
follow-up time to be included in the risk factor analysis.  Whereas the high 
majority of retreatments occur within that time period, a longer follow-up period 
may mildly increase our rate of retreatment.  A minimum of a 6 week follow-up 
period was chosen to analyze the efficacy of the treatment technologies applied 
for retreatment.  Although most patients did return for their 6 week visit, often 
when the patient feels that they had a positive outcome and they have achieved 
their visual acuity endpoint, they do not return for scheduled follow-up visits.  
Hence, the patients which were followed the longest post retreatment often were 
slower to achieve 20/20 and were being monitored for complications such as 
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epithelial ingrowth that was discovered on their 6 week follow-up visit.  Such 
tendencies in patient visits may slightly skew trends in recovered visual acuity 
over time, shown in Figures 9 and 10. 
In conclusion, the presented assessment of pre-operative risk factors 
agreed with previous studies, which found higher incidence rates of retreatment 
in patients with an initial high myopic manifest spherical equivalent, hyperopia, 
and astigmatism greater than 1 diopter. There are increased rates of clinically 
significant epithelial ingrowth post-retreatment and therefore, each patient should 
be made aware of this potentially site threatening complication before undergoing 
a retreatment.  Although we found no significant difference in UCVA LogMAR 
post-retreatment when comparing conventional versus wavefront-guided 
retreatments, there was an increased incidence rate of secondary retreatment in 
both wavefront-guided groups.  Given a higher need for secondary retreatment in 
the wavefront-guided group, an increased rate of complications upon re-lifting the 
flap, and a deeper required depth of ablation, we feel that conventional treatment 
is a safer approach when considering a retreatment post primary LASIK surgery.   
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